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Perceived Consequences of Herbicide-Tolerant andInsect-Resistant Crops on Integrated PestManagement Strategies in the Western UnitedStates: Results of an Online Survey
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We conducted an onilne survey to assess the potentml effects of herbicidetoIerant(HT) and nsectresistant (IR) crops on integrated pest management (1PM) practices
in the Western United States For MT crops, participants perceived a dec.rease inseveral 1PM practices, including ctop and herbicide rotations and the combined use
of multiple weed control strategies. The most serious potential consequences wereconsidered to be a shift in weed species composhon and development of herbicide
resistant weeds. For IR crops, respondents perceived a beneficial reduction inapplication of both broadmpectrum and selective insecticides. The most significant
issues for IR crops rsere believed to be potential development of target pestresistance and difficulties with rnanaoement of insect refuges The survey results
sunpcrt the need for continued emohasis on comprehensive strategies in 1PMeducation orograrns to prolong the usefulness of MT and IR croon.
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Introduction

Herbicideto1erant (HT) and/or insectresistant (IR) cultivars have beencommercialized for several important crops in the Western United States, includingwheat, corn, cotton, alfalfa, canola, and sunflower. HT and ER cultivars have the

cnvironment, including increased profitability (FernandezCorneio & Caswell,2006; Sankula, 2006; Traxler & Fa1ckZepeda, 1999), reduced pesticide use
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(Cattaneo et al,. 2006; FernandezCoriiejo & Casweli, 2006; Sankula, 2008;Wossmk & Denairx, 2006), and lower amounts of naturally occurring mycotoxins infood (Wu, aoo6). Whether developed through genetic engineering or conventionaltechniques. these crops also present significant concerns for sustainable pestmanagement. These concerns include the potential tbr pesticide resistance todclop in taigt pest populations ((ulpepper et al 2000 Owen & ZeIa 2005Sandermann, 2006), gene flow to neighboring crops of the same species or to wildrelatives (Gaines et aL, 2007; HaU, Topinka, Huffman, Davis, & Good, 2000;Hanson et al., 2005), and negative effects on nontarget organisms (Zangerl et al.,aooI),

The development of HT cultivars has resulted in a major change in the profile of
agricultural chemical use in the United States. For example. in 199 the chemicalmost widely used on cotton acreage was the herbicide trifluralin, which was appliedon 59° of the otton crop area GIvphoate ap bed on n°o t the ctton ain ig

that year, did not rank among the top five chemicals for cotton (US Department ofAgriculture National Agricultural Statistics Service [USDA NASS), 1998). By 2007,
glvphosate had become the ton-ranked chemical used on cotton, applied to 85% ofthe cotton acreage, while trifluralin had dropped to si place with applications on29% of the crop area (USDA NASS, 2008), Similar changes in usage profiles havebeen seen in other crops. The large increase in glyphosate use coincided withincreased planting of glyphosate-resistant cultivars (Sankula, 2006).

The documentation of glvphosate-resistant biotvpes in 15 plant species to dateworldwide—including nine in the United States (Heap, 2009)-esllustrates thepotential of plants to develop resistance under strong selection pressure.
An integrated-pest-management (1PM) strategy is a coordinated approach to thedeployment of pest-management practices. Although the use of a singlemanagement tactic may be successfiil in the short term, often the tactic will fail overthe ioag espeialit It it can bet ercinuc u a chance mu the rreqoan ot asingle gene in the pest population (Ped.igo & Rice, 2006). A pest is less likely toovercome t.he dastructive influences of several tactics: used in con.c.ert. 1PMcoordinates multiple. eomplen.ientary approaches to avoid excessive reliance on asingle prartice, thu.s mrtending the length of time over which prastices a.re. effective.In addition to offeri.ng sustainahllip.r, pest managyment with several integratedtactics often results in better environmental stewardship. When pesticides are animportant component in the program, the addition of other tactics reduces thefrequency of pesticide application and the burden of potentially harmful residues inthe enaronment (Pedigo & Rice, 2006). Besides pesticide applications, 1PM controlmethods max’ include pest-resistant cultivars, pest monitoring, biological controlmethods niI flturaI pi inh mngie-testw 17cm h€ in wiryherbicides, exclusive use of a pest-resistant cuitivar may lead to eventual failure ofcontrol, Several authors (e.g.., Bates, Zhao, Roush. & Shelton, 2005: Dyer, 1994;
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participants in Kansas, Missouri, Nebraska, North Dakota. and Oklahoma. Allresponses were used in our summaries and analysis.

Frr both the HT and JR estions of the cure pirtiipantc indwited th rr ps ithwhich they had experience and rated the usefulness of existing cuhivars and of‘ eral r’ps th it i not t t nail iNc at the time of the curs e hut ma’ bereleased in the next few years. Respondents then estimated the changes intrequenc of se’st ral farming prast1c ealu ited the erioucnecs ot certain yotenti iiconsequences relevant to either HT or JR cuitivars, and rated the potential for eachuop to ause such c on—equences in ‘\ estern US tairning sistems I’or existingcultivars, these ratings could be based on both expehence and expectations, whilebr uspothetical rops the ritlngs nould of net essit be hised onh on expectationsData ‘ere na1zed in the SAS 9 statisticalsoftstare procrm rqo io)tests for survey questions that asked for numerical ratings and using chUsquaretests for questions that asked for yes/no responses.

The crops included in the survey are listed in Tables to 3. Table i provides the totalarea planted to each crop in the Western United States in 2006 and estimates ofpercent of total area planted to HT and JR cultivars, Specific types of HT and JRcultivars for each crop are listed in Tables 2 and 3, respectively.

Table 1. Total area of selected crops in the Western United States (Arizona,California, Colorado, Idaho, Montana, Nevada, New Mexico, Oregon. Utah,Washington, and Wyoming) and estimated proportions that are HT or IR,whether through genetic engineering or conventional breeding.
‘Fotal area, 2006 Estimated percentCrop

ha) HT ZRAifafa, new seeding, Medicago 288 NA NAa
sativa

Canola, Brassica napus
8

Corn,- Zea rnays
971 61Cotton, Gossypium hirsutum
360 53Sorghum, Sorghum bicolor 151 NCSunflower, Helianthus annuus 57 15Wheat, Trltfcum aestivum

5,496 4Notes. Tforrna-tion is orrnarC from t.he National Agricuiturai 6-tatistCs Seosicet0r/!iw.nass.sda:Oos!) and Sank.ula (2006), sur lenrent.ed by estimates frcroo
Scientists in the region.

NA=dt.ta not asaiabim NC=not currently conimerciaiized,“ Most current US aifaita varieties are rated either resistant or highly resistant to Sphids
(National Alfalfa & Forage Alliance, 2006).

Based on percentage for North Dakota, which accounts for 92% of total US canola acreas-e.
Does not include Hercutex brand hybrids.Includes Russian wheat aphid-resistant, sawfly-resistant, and Hessian fiy-reslstant

sanetles.

Table 2. Existing and potential HT crops included in the survey.

http: ‘/wwwaizbioftsrum.org/vl 2n34/vl 2n34ai 6chvrnehtm
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Source of First approved fo commercialCrop Trait tralta planting in the United StatesAlfalfa pcsate tv erdn E 2019
Canola G;ypnosate tcderart t91 1999

G1ifcsinatetolerant GE 1995

Corn Glyphosate tolerant i.E
‘njo nate toe an

imldazolinone TM
tuierant

Bromoxynil tolera.nt 1994
Sugar beet Gyn hosate tc9rant

1998
Sunflower dnOazcinone

tolerant

Wheat Glyphosate tolerant
Partial approval0

.Tmidazollnone
2001tolerant

Note. GE, genetically engineered; TM, Induced mutation.Trade namm Roundup ReadvA
Trade name: LibeNyLinkTM
Trade name: Cleartieldw

e Formal aporova not repurred br nonGE varieties; date s the /ear of commerciar release.tTradename:BXN
Approved by the Food and Drug Administration for food/feed; application later withdrawnbefore decisions on environmental safety were made by the US Department of Agncultureand the Environmental Protection Agency.

Table 3. Existing and potential IR crops included in the survey.
Source of First approved for commercialCrop Trait traita planting in the USAlfalfa Aphid resrstance

Corn SingieBt gene for corn borer

Srngle Bt gene ror 0Dm ootwcr:n
control

Bt genes for both corn borer and

Cotton El CrvIAcbased revistanr.e ;:e.g,
Birliqardt

Bt Crv2Ad a CryiAcGrased
resietance (mgj. Boilgard Ii)

01 CryiF a CrylAcdrased

St star°eOi wi.tfi herdloide
tolerance genes

Sorghum Greenbug resistance
1g75b

Wheat Hessian hy resistance

Russian wheat aphid resistance
1994°

Note C. conventionai crossrng with a naturally occurring resistance source; GE... genetically
b Formal apgrovai not reouired for n.onf19 DrOCmote: date is the rear of -ommurriai release.Approved for food/feed only; not yet approved for environmental safety,C Formal approval not required for combnations of approved GE products unless both areinsect resistant products.

htm:/’wwwaLTbiotorum.orLhv I 2n34’vI7n34a1 6bnieFitm I .2/2() 0
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Results and Discussion

Of the 54 selUselecting participants, 32 (59%) were from the public sector and 20(37%) from the private sector, with two (4%) participants not responding to thequestion. Sixteen states in the Western United States and adjoining regions wererepresented. Occupations of the participants included professor, research scientist,extension agent, consulting weed scientist, botanist, and biotechnology companyrepresentative. The participants were mostly professionals in agricultural research,education, and production.

Perceived Changes in Farming Practices Due to i-IT and JR Uzthwars

The weedwontrol practice thought to have changed the most was tillage; more than8o% of the respondents felt there was less or much less tillage in liT cropscompared to conventional crops (Figure i). This is not surprising because reducedtillage is one of the major benefits of HI crops, leading to enhanced soil and waterconservation and reduced fuel consumption. Our results agree with those of Givenset aL (aoo9b), who found a large shift toward lnwtil1 or notill systems amongMidwestern US growers who adopted glyphosate-resistant crops.

Much less Less oSarne sMore Much more

Multiple herbicide use was a.lso rated as changing substantially wi.th the adoption ofHI crops. More than uo% of those surveyed believed there was a reduction in theuse of multiple herbicides, Replacement of multiple products with a single broad

http:.//wwwaghioforumorg/v I 2n34/b’ I 2n34a I 6hvrnehtm
l/U6/20l0

Figure 1. Perceived changes in frequency of farming practices in HT cropscompared to conventional crops. The colored segments of each bar indicate thepercent of respondents who chose each answer (out of the 53 total respondents).

Combination of
methods F

IAnnual rotation
of herbicides
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berbicide J
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spectrum product like glvphosate simplifies weed management, making it easier
and often more cost-effective, a significant advantage for growers. Use of a single
herbicide like glypnosate may also reduce the use of other products that have more
detrimental effects on the environment. However, overuse of a single product may
contribute to selection for herbicide resistance and thus runs counter to an 1PM
strategy .Also worrisome are the perceived reductions in herbicide rotation (54%
reported less or much less use of this practice), crop rotation (46% reported less or
much less use), and a combination of methods (67% reported less or much less use).
These last three practices. are potential contributors to an integrated-weed-
management program, and their reduced frequency causes concern about the
potential tor herbicide-resistant weeds to develop. Results of our survey in regard to
weed-management practices are consistent with the findings of a survey of
Midwestern and Southern US farmers showing lack of awareness of herbicide-
resistance-management strategies (Johnson et al.. 2009).

Changes in insect pest-management practices generally did not indicate a move
away from 1PM approaches (Figure 2). The majority of participants perceived
similar or increased use of biological control, scouting, crop rotation, and other
cultural controls. The majority also perceived a reduction in broad-spectrum
insecticide use, and roughly half believed there was a reduction in selective
insecticide use as well. However, o% of the participants perceived a reduction in
the use of combinations of insect-management methods, which may reflect a
tendency for over-reliance on JR crops.

Figure 2. Perceived changes in frequency of farming practices in IR crops
compared to conventional crops. The colored segments of each bar indicate the
percent of respondents who chose each answer (out of the 32-34 mspondents for
each practice).
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Herhicidetolerant crops fell into three general categories with regard to theirperceived benefits and risks: those with high usefulness and low potential to causeproblems, those with moderate usefulness and moderate potential to causeproblems, and those with lower usefulness and higher potential to cause problems.Table 4 shows a broad trend of increasing usefulness being associated withdeclining potential to cause problems. The four Roundup Ready crops with thehighest usefulness ratings—sugar beet, cotton, canola, and corn—also had potentialproblem-causing ratings at least one point lower than the corresponding usefulnessrating. Thus, the advantages of these crops were viewed as being substantiallygreater than their disadvantages. Clearfield sunflower, Clearfield wheat. RoundupReady alfalfa, and Roundup Ready spring wheat were rated moderate in bothusefulness and potential for problems, with a difference between the correspondingratings of o to 1 point. Roundup Ready winter wheat received the lowest score forusefulness and the highest rating for problemeausing potential, indicating thatconcerns with the technology outweighed the perceived benefits.

Table 4. Ratings of existing and potentiai I’IT crops for usefulness and otentia!oroblerns

Potential to cause Difference betweenCrop Usefulness problems ratingsRoundup Ready sugar 440 (40) 2.36 (39) 204beet

Roundup Ready cotton 4.23 (31) 2.42 (31) 1.81
Roundup Ready canola 4.23 (30) 3.00 (36) 1.23
Roundup Ready corn 4.13 )39) 2.86 (51) 1.27
Ciearfietd sunflower 4.02 (30) 3,22 (36) 0.80Clearfield wheat 3.55 (38) 3.40 (43) 0.15
Roundup Ready amfalfa 3.37 i52) 2.88 (50( 0.49ROundup Ready sprmng 2.97 (39) 123 (44) -0.26wheat

Roundup Ready wmnter 2.63 (43) 187 (47) -1.24wheat

.rjt Usef0:ness ro.:bnos (rams (US usefuL- Ic. 1 (ro asefub, Rabnos rance from 5(‘iery serious otentiai) to I (no seilous potenbai). Number of rercpondon :s 9Lien :na--. a

All instancei.. c-f JR ((cons were roted as: at least moderately useful (Table 5).Transgenic JR crops tended to have higher usefulness ratings than conventional JRcrops, reflecting the higher resistance levels typical of transgenic crops. In everycase, the rating for problenwcausing potential was at least one point lower than thecorresponding usefulness rating. No differences were noted between transgenic andconventional JR. crops. rc:garding theA potentai to cause problems.

Table 5 P r pti - uln s and potential problems for existing and

I
- I LI
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potential IR crops.

Potential to cause Difference between
Crop

Usefulness problems ratingsBt corn for corn rootworm
Bt corn stacked for corn
borer and corn rootworm
at Cry2Ab cotton 41% iv 1 ‘3% ‘13)at cotton stacked with lIT 41$ 14) 2.00 ri%)St corn for corn borer 433 )32 227 (33)BtryIAccotton 392 (f3r 22%(14\Russian wheat aphid 3.91 (23( 2 46 (261resistant wheat

Aphid resistant alfalfa
Hessian fly resistant wheat
Greenbug resistant sorghum
Bt CryiF cotton

VIP cotton

J0f Usefulness ratings range from 5 (very useful) to 1 (not useful). Ratings range from S
rr e o d mis potent,ag Number of espoldeits S o en rParentheses after each rating.

Sthousness ofSeveral Potenffal Outcomes of Overw’eliance on HI’ and IR Crops
For wr crops, the most serious concerns were considered to be shifts in weedspecies composition and development of herbicidesresistant weeds due to repeatedapplications of a single herbicide (Table 6). If either of these does occur, there maybe 1PM consequences because growers may have to increase herbicide rates orapplication frequency or switch to another product that may be more detrimental tothe environment, Controlling volunteer plants was also rated as a moderatelyserious management issue. This concern would apply specifically to situationswhere a given herbicide is designed for use with an HT crop and is also animportant part of a volunteer management program, for example, Roundup Readywinter wheat. Topics that rated an intermediate level of concern (ratings of 264 to3oo) Included gene flow to the same crop or to wild relatives, and. a series of issuesrelated to cultivar availability: the perceived ore..sence of fewer cultivars on themarket, poorer adaptation of t.hose cultivars t.olocal conditions, or genetlc•vulnerahiiitv due to the presence of the same transgenes in a large percentage ofcultivars (Table 6). Lower ratings (<a 50) were given to changes in disease andinsect problems due t.; fiT crops o.nd to effects on other organisms n theag.ricuitu.rai ecosse.2em,

Table 6. Seriousness of potential consequences of HT crops as perceived bysurvey participants.

Average
Topics surveyed for lIT cuftivar

ratingShifts In weed species composition
4M4 (53)Development of herbicide tolerance in weed populations through 398 (53)

selection pressure

http:f/wwwagbioforum,org/v I 2.n$4/vi 2n34al &hvrnehtm
1/26/2010/
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More difficult to manage volunteers
Fewer cultivars available in the marketplace
Gene flow to other fields of the same crop
Gene flow to wild populations of related plants
Genetic vulnerability due to presence of the same genes in a largeproportion of cultivars of a crop
Poorer adaptation of cultivars to your local production practices 264 (53)Negative changes in disease or insect problems due to changes in 245 (42)cultivation practices

Effects on soil ecosystems1eg microbial composition1due to 228 (4?repeated use of the same herbicide
Less food available for beneficial insects/arthropods 208 (49)Negative changes in disease or insect problems due to effects of the 2M3 (39)herbicide

Less food available for birds or other wildlife 202 (49)Note. Ratings range from 5 (very serious) to 1 (not ser.Ous). Number of respondents is g.vennarenfPeses sfte oem ating

Seriousness ratings for several potenti consequences of HT crops variedsignificantly (P<o.o5) depending on whether the respondents perceived that therewas or was not enough information available on these crops (Table 7). The greatestdiscrepancies concerned perceptions of the seriousness of gene flow. From ourresults we cannot determine the causal factor for these differences. Those who rateda problem more serious may have been less aware that information was available, orconversely, those who considered a problem to be a less serious concern may havebeen satisfied with the available information. Whether respondents felt there was orwas not sufficient information available about IR crops, they perceived theconsequences to have the same level of seriousness.

Tabie 7, Differences in perceptions of seriousness among respondents who saidthere was/was not enough information available on HT crops.
Average rating

Enough Not enough
information informationtopic

available available
Seriousness of croptocrop gene L92 295flow

Seriousness of croptowlld gene
flew

Seriousness of soIl ecosystem 147effects

Seriousness of reduction In food for L28insects

Seriousness of genetic vulnerability 183 270 00080due to many cultivars having the
same genes

Seriousness of reduction in number 192of cultivars on the market
rlate. Ratinos moos from S rerins) ID 1. (nnt morOns)

The greatest concerns about the potential consequences of IR crops were the

httD:/1ww,a2hioforumorn/v I 2n34/v 1 2n34a I 6hvrnehtm
1/26/2010
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development at resistance in target pests and difficulties associated with refuge
management (Table 8). Some insec.t pests targeted by transgenic JR crops (eg, c.orn
rootworm) have long histories of developing resjstance to insecticides and other
management tactics. which may explain similar concerns for the control strate
deployed in current transgenic IR cultivars, Regulatory oversight of JR crops is new
with the advent of transgenic crops. Past experience indicating lessthamoptimal
corn pliance with pesticide regulations may pronde some basis for concerns about
compliance with refuge requirements. A sucv of US corn growers showed that
compliance with such requirements for Bt corn was only 71% in 2000 (Agricultural
l3iotechnologv Stewardship Technical Crinrittee {ABSTCJ, 200.1). After the
implementation of stricter enforcement measures and a widespread informational

program, compliance rose to about 95% in 2.004 and 2005, but some farmers are.
still unaware that a refuge is required and farmers in the South lag behind their
northern counterparts in compliance (ABSTC, 2005). We know of no comparable
figures for the Western United States. Because refuge requirements for corn hybrids
with com.hidreistàtice tO Orri borer and corn footworm can he more
complicated than requirements for hybrids with corn borer resistance alone.
(Monsanto. uooq). full compliance for the “stacked” hybrids may be more difficult
to attain.

Table 8. Seriousness of potential consequences of JR crops as perceived by
participants.

Average
Topics surveyed for ZR cultivars rating
Development of resistance in target pests 368 (38)
Difficulties with management of Insect refuges including non 121 (34)
compliance

More compilcated resistance management due to stacked insect 2.61
resistance genes in the same variety

Fewer cultivars available in the marketplace 26O (35).

Poorer adaptation of cultivars to local production practIces 158 (36)
Genetic vulnerability due to presence of the same genes In a large 2,47 (34)
proportion of cultivars of a crop

Negative effects on benefIcial or nontarget insects 2 25 36(

Gene flow to other fields of the same crop 124 (34)

Negative changes in disease or Insect problems due to changes in 124 (33)
cultivation practIces

Gene flow to wild populations of related plants 1 26

Effects on boll ecosystems, microbial compositIon, due to residue 091 (32)
of resistance compounds leaking Into soil

Less food available for birds or other wildlife .85 (34)

Less food available for beneficial insects/arthropods 1,75 i33

Ncte, RatIGs arrie oom 5 (‘deny serious) to 1 (not serious)., Nun’ner of esponoents a oven
in parentheses after each rating.

\ hen 1hrc \a’ i icmticml (httenn between groups, respondents who worked
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in the private sector were more likely to consider potential problems less serious.
than respondents who worked in the public sector (Table 9). For example. private—
sector employees rated the development of herbicide resistance less serious than did
public sector employees (2,96. versus 396 on a 5-point scale). Rega.rdi.ng adequacy
of available information, respondents from the private sector were significanti
more likely to say there was enough information available on HT and IR crops than
respondents in the public sector (o% for private sector. fc% for public sector,
Pco,05), One factor that might contribute to this difference in perception is that
public-sector employees may not he fully aware of the information provided to
growers at the time seed is purchased. An example of this type of information is
Monsanto s Technology Use Guide (Monsanto, 2009).

Table 9. Differences in perceptions among respondents employed in the private
and public sectors,

Average rating by Average rating by
private sector public sector

Topic respondents respondents

Seriousness of 396
development of herbicide
resistance

Seriousness of crop-to- 164
crop gene flow from HT
crops

Seriousness of crop-to- 176
wild gene flow from liT
crops

P’Jote. Ratings range from 5 (very serious) 1 (not serious).

Respondents in both sectors mentioned fact sheets as a preferred method of
receifen information more often than the mentioned an other method of
information delivery (Table io), Close behind fact sheets were workshops and web
sites run by universities, Information delivery at the point of seed purchase was less
popular, while web sites run by companies and e-mail were the least popular
methods of receiving information. Respondents could check more than one delivery
metnou as oreferrr—d so thore were more total votes, than rPsDondents, Seventy
perent c-f resnonclents felt there was sufficient information available c-n JR crons,
but only 5os felt inform.ation on H’! ctops was sufficient.

hi O ‘ ‘

Prpferi-p way to Phr sector Private secto (ombined ubIic.iiid
“ereive ‘nfnrmaton “rnployees “rnployee piiiate ectoi’,

Fact sheets , ‘‘ ‘ -. ‘ -
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Web sites run by - r 0’

ctniver-sitiec
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Web Sites ‘Un by ‘ 0

companies
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Total votes

Total respondents 32 20 52 :pIUs 2 not respondJng

to the que5ton on sector)

vrte NTten; neoesener:e’.tae nf srcnde’rr. that anse

Conclusions and Recommendations

More than half ot the survey participants perceived an overall reduction in 1PM

practices resulting from the. adcption of HT crops. Overre1iance on any one pest

control method may cut short its effective life and runs counter to the philosophy of

using a multi4aceted 1PM approach whenever possible. The sustainabihtv of HT

technologg may depend on concerted efforts to maintain an array of weeth

management strategies despite the appeal of HT crops as a. simple solution over the

short term. Fhe perception that weedmanagement approaches are narrowing

suggests an opportunity 10 reinforce the importance of 1PM approaches when using

RT crops to ensure profitable and sustainable farming practices. Recent educational

etforts-such as the Resistance Management set of online courses sponsored by the

National Corn Growers Association (http://ncga.adayana.com/>—may have

achieved improvements in grower practices since our survey was completed.

Insect—resistant crops were viewed as generally compatible with current 1PM

approaches. Additionally, JR crops were perceived to be effective insect

management tools with relatively low potential for causing additional management

problems. Concerns with JR crops were associated with the related topics of

resistance management and refuge management, including non—compliance issues.

Educational programming should emphasize the importance of compliance with

refuge requirements in slowing the development of resistance, thereby preserving

the effectiveness of IR crops.
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